The recent TJLAB experimental data on inclusive electron scattering at high momentum transfer from complex nuclei are analyzed in terms of y scaling, taking into account the final state interaction (FSI) of the struck, off-shell nucleon. It is shown that at large negative values of y (x > 1), the Q 2 dependence of the FSI is mostly driven by the elastic nucleon-nucleon cross section, and that, as a result, the scaling function decreases with Q 2 , in agreement with experimental data.
I. INTRODUCTION
The recently released TJNAF E89-008 experimental data on inclusive electron scattering A(e, e ′ )X at x > 1 (x = Q 2 2M ν is the Bjorken scaling variable) and high momentum transfer [1] could provide relevant information on nucleon momentum distributions in nuclei and the mechanism of final state interactions in inclusive processes. In this contribution, these data are analyzed by calculating both the cross sections and the y-scaling functions, using, in the latter case, a recently proposed new approach [2] . The effects of FSI will be considered, stressing the relevant role played by the off-shell kinematics for the struck nucleon before its rescattering from spectator nucleons in the medium.
II. THE INCLUSIVE CROSS SECTION
The inclusive electron-nucleus cross section can be written in the following general form:
where Q 2 = q 2 − ν 2 is the four-momentum transfer squared, and σ M ott the Mott cross section. In plane wave impulse approximation (PWIA), the nuclear structure functions W 1,2 are given by
where i = {1, 2}, W N 1 (2) are the nucleon structure functions, C i and D i are some kinematics factors, ν ′ = (p · Q)/M where p is the four-momentum of the struck off-shell nucleon, and P N (k, E) its spectral function; we denote the three-momentum of the struck nucleon by k = |p| and its removal energy by E = E min + E * A−1 where
We have calculated the cross section (1) both in the quasi-elastic and inelastic regions using the experimental nucleon structure functions and the spectral function from Ref. [3] .
The PWIA results for 56 F e are represented in Fig. 1 by the dotted curve, which is the sum of the quasi-elastic (short dashes) and inelastic (long dashes) contributions. The wellknown result, that the PWIA underestimates the cross section at low values of ν (x > 1) is shown to hold true for the new data. We have included the FSI of the struck nucleon using the method of Ref. [3] . The results are shown by the full curve where it is seen that the agreement with the experimental data is satisfactory. More details on the calculation of the FSI will be given in Section IV. At x > 1, the contribution from inelastic channels is always very small, the dominant process being quasi-elastic scattering; this therefore justifies an analysis of the data in terms of y-scaling.
III. QUASI-ELASTIC SCATTERING AND Y -SCALING
In PWIA the quasi-elastic cross-section is given by
where E p = M 2 + (k + q) 2 is the on shell energy of the struck nucleon after photon absorption , q = |q| and σ eN is the elastic electron-nucleon cross section. The integration limits in (3) are determined from energy conservation:
where
is the mass of the excited (A − 1) system. At large values of the momentum transfer, the following relation holds
where the nuclear structure function, F A (q, ν), is given by
(assuming P p = P N ≡ P ). In analyzing quasi-elastic scattering in terms of y scaling [4] a new variable y = y(q, ν) is introduced and Eq. (6) expressed in terms of q and y rather than q and ν.
The most commonly used scaling variable 1 is obtained [5] starting from relativistic energy conservation, Eq. (4), and setting k = y, k·q kq = 1, and, most importantly, the excitation energy E * A−1 = 0; in other words, y is obtained from the following equation:
In this case, y therefore represents the longitudinal momentum of a nucleon having the minimum removal energy (E = E min , i.e. E * A−1 = 0). It can be shown [5] that, at high values of q, E max ≃ ∞ and k min ≃ |y − (E − E min )|, so that Eq. (6) reduces to
explicitly showing scaling in y. By defining an experimental scaling function
and comparing it with the theoretical expression, Eq. 
is the nucleon momentum distribution. Even at high momentum transfer, the contribution of FSI can "scale" due to the constant value of the total NN cross section, thereby confusing a direct extraction of n A (k) [7] . Moreover it should be pointed out that, when expressed in term of the usual scaling variable, y, a comparison between experimental and theoretical scaling functions requires knowledge of the nucleon spectral function. This is difficult to calculate theoretically; on the other hand, theoretical knowledge of nucleon momentum distributions, n A (k), is rather well known, although experimentally it is very poor. There are, therefore, excellent reasons to justify an approach to y-scaling based on longitudinal momentum distributions, f A (y) (Eq. 10), rather than the asymptotic scaling function, Eq. (8 With this in mind we recently introduced such a scaling variable which has, to a large extent, the desired property of equally well representing longitudinal momenta of both weakly and strongly bound nucleons [2] . It is based upon the idea of effectively including in Eq. (7) the excitation energy of the (A − 1) system due to nucleon-nucleon correlations. This is given by [3, 8] 
where k is the relative momentum of a correlated pair and K CM its CM momentum. This is in good agreement with results of many-body calculations for nuclei ranging from 3 He to nuclear matter [9] . We have evaluated the expectation value of Eq. (11) using realistic spectral functions obtaining 2 2 This is slightly different from the form given in ref. [3] and used in ref. [2] where a term quadratic in k was used instead of c A |k|; both forms are equally well acceptable.
The parameters b A and c A , which result from the CM motion of the pair, have values ranging from 17MeV to 43MeV and 6.00 × 10 −2 to 8.00 × 10 −2 , for 3 He and nuclear matter, respectively. The idea was, therefore, to obtain the scaling variable by using this in the energy conservation equation, Eq. (4), thereby obtaining:
In order to ensure a smooth transition between the high and the low values of y, we shift the arbitrary scale of < E * A−1 (k) > in Eq. (12) by the average shell-model removal energy, < E gr >: < E * A−1 (k) >→< E * A−1 (k) > − < E gr >. Note that < E gr > is not a free parameter since it is obtained from the Koltun sum rule. Furthermore, we use in Eq. (12) the relativistic form
For a heavy nucleus, where M A−2 + M + E * A−1 (y) ≫ y, the equation defining the new scaling variable therefore becomes
where E th = M A−2 + 2M − M A . Disregarding terms of order c A 2 and c A /q, Eq. (14) can be solved to obtain the new scaling variable in the form
It is worth emphasizing that, at low values of y, the usual scaling variable is recovered, 
. The use of y CW instead of the usual y has the following advantages:
1. Since, at large values of q, the limits on the integrations in Eq. (6), E max ≃ E min ≃ ∞ and k min | ≃ y CW | (instead of k min = |y − (E − E min )|), the asymptotic scaling function when expressed as a function of y CW , directly measures the longitudinal momentum distributions:
Thus, plotting the data in terms of y CW can provide direct access to the nucleon momentum distributions.
2. Since many body calculations [9] show that at high momenta, k ≥ 1.5 − 2f m −1 , all nuclear momentum distributions are simply rescaled versions of the deuteron,
where C A is a constant, one should also expect
On the other hand no such proportionality is expected between F A (q, y) and F D (q, y). 2. The calculated FSI decreases with Q 2 , approaching the PWIA limit from above and, more importantly, agrees fairly well with the trend of the data.
The latter point requires specific comments, for it is a common belief that at high Q 2 FSI should be governed by the total nucleon-nucleon (NN) cross section which exhibits a constant behaviour for p N ≥ 1.2GeV /c, where p N is the lab momentum of the incident nucleon (see ref. [11] ). In treating this point a crucial role is played by the four-momentum, p ′ , of the struck nucleon after the absorption of the virtual photon. The usual procedure is to approximate its kinetic energy before rescattering by
Such an approximation should be reasonable for y ≃ 0 (x ≃ 1), where the struck nucleon in the final state can be regarded as quasi-free (almost on shell, p 2 1 ≃ M 2 ). It should, however, be questioned at high negative values of y (x ≫ 1), where, after absorbing the photon, the struck nucleon is far off-shell with invariant mass
where k L ≡q|k|. As a result, one has to consider the nucleon-nucleon cross section for a far-off-shell incident nucleon. This is a very difficult task. However, at the very least, one should consider off-shell kinematics. In such a case, the CM kinetic energy, T of f , of a twonucleon pair after one nucleon has been struck by the virtual photon but before it rescatters from a spectator nucleon is, at large negative y (x ≫ 1), less than the inelastic threshold (= m π ) . Thus, it is mostly the elastic NN cross section, which decreases with energy, that must be used rather than the constant total NN cross section.
V. EXTRACTION OF THE NUCLEON MOMENTUM DISTRIBUTIONS
Given the approach of the scaling function F A (y CW , q) to the PWIA result exhibited in
Figs. 4-7, the longitudinal momentum distribution can be extracted from the experimental data without the uncertainties associated with the subtraction of the so called binding correction (see Refs. [5] , [6] ). The example of 56 F e is given in Fig. 8 . By taking the derivative of f (y CW ) the nucleon momentum distributions n(k) can be obtained.
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